Purpose: Reported changes in body mass index (BMI) in central precocious puberty (CPP) during and after gonadotropin-releasing hormone analog (GnRHa) treatment are inconsistent. We, therefore, investigated auxological parameters in GnRHatreated girls with idiopathic CPP (ICPP) until attainment of near final height (NFH). Methods: From the medical records of 59 ICPP girls who attained NFH after GnRHa therapy, auxological changes were compared between overweight (BMI≥85th percentile) and normal-weight (BMI<85th percentile) groups. BMIs were changed into standard deviation scores (BMISDSs) for subject chronologic age (BMISDS-CA) and bone age (BMISDS-BA). Results: The incidence of overweight including obesity was high at the start of therapy (35.6%). The predicted adult height (PAH) at start of therapy was significantly shorter than the midparental height (MPH), whereas PAH at end of therapy approached MPH, and NFH was greater than MPH. Height velocity (HV) in the overweight group was higher during GnRHa therapy than that in the normal-weight group, but those in the two groups were not different after therapy until NFH. Both BMISDS-CA and BMISDS-BA increased significantly during therapy, but both BMISDSs decreased significantly after therapy until NFH. At NFH, neither BMISDS was different from that at baseline. In the normal-weight group, both BMISDSs increased during therapy and were maintained until NFH. In the overweight group, neither BMISDS changed during therapy, but there was a decrease after therapy until NFH. Conclusion: The different patterns of BMISDS change during and after GnRHa therapy until NFH between the 2 groups were related to the different HV during GnRHa therapy.
Introduction
While several previous studies on the auxological effects of gonadotropin-releasing hormone analog (GnRHa) in central precocious puberty (CPP) have focused on final height outcomes, there are also a few studies that have evaluated treatment-related body weight (BW) changes through changes in body mass index (BMI). However, there have been conflicting results on BMI changes during and after cessation GnRHa therapy. Some authors have stated www.e-apem.org that BMI standard deviation scores (BMISDS) did not change during GnRHa therapy or at final height. [1] [2] [3] Others reported that BMISDS increased during GnRHa treatment, but returned to pretreatment level at 1-2.5 years after cessation of therapy or at final height. [4] [5] [6] In addition, there are 2 reports with more extreme results. One showed that an increased BMISDS at baseline continuously decreased during and after treatment until final height. 7) The other, from the Spanish registry, showed continuously increasing trend in BMISDS during and after GnRHa therapy and until final height. 8) Generally, girls with CPP are reported to have above average BMI before GnRHa treatment, 9) and their early pubertal development is positively associated with obesity. 10, 11) Recently, some researchers reported that BMI changes differently during GnRHa therapy according to the subjects' pretreatment BMI level. 12, 13) In this study, we investigated weight gain during and after GnRHa therapy until near final height (NFH) in girls with idiopathic CPP (ICPP) and compared various auxological parameters in groups based on the subject' s pretreatment BMI.
Materials and methods

Subjects
We reviewed retrospectively the medical records of girls who were treated with GnRHa between January 2007 and January 2017 and had attained NFH. Subjects with organic brain lesions or systemic diseases that result in disorders in sexual maturation were excluded. All subjects had experienced menarche and had reached a bone age (BA) of more than 13.5 years after GnRHa treatment.
The diagnostic criteria for ICPP were age at breast development less than 8 years, peak luteinizing hormone (LH) level above 5 IU/L during a standard intravenous GnRH stimulation test performed before the age of 9 years, BA advancement, and no evidence of a hypothalamo-pituitary lesion as determined by magnetic resonance imaging performed based on clinician's judgment.
Methods
All subjects underwent GnRHa treatment at dose levels of 75-150 μg/kg of BW with dosage based on subject BW (1.875 mg GnRHa for BW<20 kg, 2.5 mg GnRHa for BW 20-30 kg, and 3.75 mg GnRHa for BW>30 kg). GnRHa was provided every 4 weeks until BA of 11.5-12.0 years. After initiation of GnRHa therapy, the subjects were regularly monitored for height, BW, and sexual maturation rate every 3 months, and a left-hand radiogram was taken every 6 months for BA determination. The criterion for adequate suppression of sexual maturation was met if LH level was <3 IU/L 30-60 minutes after GnRHa injection. BMI was calculated as BW (kg) divided by the square of height (m   2   ) . BMI values are presented as SDSs based on the 2007 ageand sex-matched Korean standards. Furthermore, BMISDSs were expressed according to chronologic age (CA) and BA as BMISDS-CA and BMISDS-BA, respectively. BA was assessed by applying the Gleulich-Pyle method, 14) and the predicted adult height (PAH) was calculated by applying the Bayley-Pinneau method. 15) Midparental height (MPH) of the girls in the study was the average height of the parents minus 6.5 cm. NFH was calculated as the PAH at the last follow-up visit after menarche in subjects with a BA greater than 13.5 years.
To assess auxological differences, the subjects were classified into 2 groups, the normal-weight group with a pretreatment BMI less than the 85th percentile, and the overweight group with a pretreatment BMI greater than or equal to the 85th percentile.
The study protocol was approved by the Institutional Review Board (IRB) of Chungbuk National University Hospital (approval number: 2017-05-015). The need for consent was waived by the IRB as all participants received clinical standard of care only.
Statistical analysis
Statistical analyses were performed by using IBM SPSS Statistics ver. 23.0 (IBM Corp., Armonk, NY, USA). All data are expressed as mean±standard deviation values. The MannWhitney U-test was applied to compare differences in numerical variables between groups, while the Wilcoxon signed rank test was applied to compare differences in variables within the groups at each time. A P-value of 0.05 or less was considered statistically significant. Among the 59 ICPP girls treated with GnRHa, the mean CA increased from 8.18±0.91 years prior to treatment to 10.15±0.44 years at the end of treatment. Menarche began at a CA of 11.44±0.95 years. The height and PAH of all subjects increased significantly during GnRHa treatment, and after cessation of therapy until NFH. The PAH at start of therapy was significantly shorter than the MPH (154.60±5.78 vs. 158.39±3.01, P<0.001), whereas PAH at the end of therapy (158.91±5.45) was not different from MPH (P=0.569), and NFH (160.52±4.66) was greater than the MPH (P<0.001).
Mean values of the parameters for the 2 pretreatment BMIbased groups were not significantly different, except there was a higher BA at the end of therapy in the overweight group than in the normal-weight group (11.30±0.66 vs. 11.68±0.33, P=0.037). The height velocity (HV) was higher during GnRHa treatment in overweight group than in the normal-weight group (6.74±1.47 vs. 5.78±0.89, P=0.010), but the HVs in the two groups were not different after cessation of therapy until NFH. Age of menarche and duration of treatment were not different www.e-apem.org (Fig. 2) . 003 ) from the cessation of therapy to NFH. Thus, in all subjects, both the BMISDS-CA and BMISDS-BA at the start point of GnRHa therapy were not different from those at NFH (Fig. 3) .
In the normal-weight group, BMISDS-CA showed a significant increase during GnRHa therapy, but no significant change from end of therapy to NFH (-0 (Fig. 3) .
Discussion
From our study, we obtained the following general results: (1) While clinical characteristics of age, height, PAH, NFH, treatment duration, age at menarche were not significantly different between the normal-weight and overweight groups, the PAH in overweight group approached MPH earlier than it did in the normal-weight group; (2) The HV in overweight group was higher during GnRHa therapy than that in normalweight group, but those in the 2 groups were not different after therapy until NFH; (3) Among all subjects, BMISDS increased during GnRHa therapy, but then decreased at NFH. Thus, baseline BMISDS was not significantly different from BMISDS at NFH; (4) The increase in BMISDS during GnRHa therapy in the normal-weight group did not change further at NFH, while in the overweight group the BMISDS was unchanged during therapy and decreased after cessation of therapy until NFH.
The 21 overweight subjects in our study comprised 35.6% of the study population and included 11.9% obese subjects. In Korea, the prevalence of overweight individuals in the general pediatric population was 18.2%, including 8% with obesity, in 2008. 16) Other Korean CPP studies have also reported a high percentage of overweight CPP subjects, ranging from 22.2% 17) to 40.3%. 18) Early pubertal development and presence of obesity were reported to be positively correlated in a Chinese study.
10) Wagner et al. 11) reported that improved nutrition was associated with increased obesity and a secular trend toward earlier puberty. BMI is significantly related to age, especially in girls, and the promotion of sex maturation from stage 1 to stage 2 was statistically related to BMI in a Tukish study. 19) The early pubertal onset in obese subjects can be explained by central and peripheral mechanisms. Leptin, an adipose hormone, was suggested as a link between body fat and early puberty via its stimulation of gonadotropin secretion, that is, central pubertal activator. 20) McCartney et al. 21) reported that peripubertal obesity was associated with marked hyperandrogenemia and hyperinsulinemia before and during early puberty. Decreased sex-hormone binding globulin in obesity increases bioavailability of sex steroids, that is, functioning as a peripheral pubertal activator. 22) Also, increased insulin augments LHstimulated ovarian and adrenal steroidogenesis, functioning as both central and peripheral pubertal activators. 23) According to a study on growth patterns, obese children, grow faster than normal-weight children during the prepubertal period, but this fast growth is counterbalanced by the attenuated pubertal growth spurt and early pubertal development. Prepubertal fast growth is independent of growth hormone. Not only the increased bioavailability of insulin-like growth factor (IGF)-1 due to the decreased IGF binding protein-1, and -2 from hyperinsulinemia, but also the skeletal growth promoting effect of increased leptin on chondrocyte proliferation and maturation are causes of the prepubertal fast growth rate. Whereas, increased estrogen from aromatization in fat tissue makes bone mature earlier, resulting in similar final height in obese and lean subjects. 22) That suggestion might explain our study results showing that, compared to the normal-weight group, the PAH of the overweight group approached MPH earlier.
As a metabolic risk factor, there has been increasing interest in BMI changes occurring in CPP patients before and after GnRHa treatment. In our subjects, BMISDS increased during GnRHa therapy but decreased after cessation of therapy until NFH. This result is similar to those in some other studies that followed subjects until final height, [4] [5] [6] but it is in contrast to other reports, that showed constant BMISDS during and after GnRHa therapy. [1] [2] [3] In addition, there are reports of continuously decreasing or continuously increasing BMISDS during as well as after treatment until final height. 7, 8) Thus, there are broad inconsistencies among reports on the BMISDS changes during and after GnRHa therapy. However, results in reports on the changing patterns of BMISDS during GnRHa treatment after classifying the CPP subjects into BMI-based normal-weight and overweight groups are relatively consistent. As in the present report, most such stratified studies show that the normal-weight group shows increased BMISDS during GnRHa therapy, but, no similar increase in the overweight group. 12, 17, 18, 24) Then, what is the cause of different BMISDS changes between the 2 groups? This might be explained by the different height increment www.e-apem.org before and during GnRHa treatment. 18) Although our data did not show statistical difference in height and PAH during and after cessation of GnRHa therapy between the 2 groups, those parameters and HV in overweight group were greater than normal-weight group during GnRHa therapy. Growth hormone independent fast growth in peripubertal obesity is applicable to this phenomenon. This phenomenon in the overweight group made the BMISDS no change during GnRHa therapy. However, there is a paucity of reports on BMISDS change after cessation of GnRHa treatment until final height in Korea. Only one previous Korean report followed-up 35 girls (15 CPP, and 20 early puberty) until final height, and the authors reported no significant changes in BMISDS; BMISDS of 0.54 before GnRHa treatment, 0.50 after treatment, and 0.40 at final height. 13) In the present study, we followed 59 ICPP girls until NFH and analyzed them into 2 BMI-based groups.
This study has some limitations. Firstly, the statistical power may be low, because of small sample size. However, this study distinguishes from previous studies that it tracks the BMISDS to the NFH of the subjects. Further large sample sized study seems need. Secondarily, present study did not perform metabolic hormonal analyses, such as, insulin and leptin, which might be useful to elucidate the etiologic approach to the BMISDS changes. In our subjects, BMISDS increased during GnRHa therapy but decreased after cessation of therapy until NFH. The increased BMISDS during treatment seems to be transient phenomenon. Some studies suggested decreased growth hormone and IGF-1 might play a role in the increment of fat mass and decrease in lean body mass. 3, 25) Traggiai et al. 6) compared 29 ICPP girls with 45 healthy girls with normal onset puberty matched for age and pubertal stage, and they found increasing BMISDS in the patients at the end of therapy and a complete recovery after 2.5 years of the end of therapy. They suggested the difference was due to the GnRHa treatment.
In conclusion, the percentage of subjects that were overweight was high in girls with ICPP, and the auxological parameters of growth were not different between the normal-weight and overweight groups both during and after cessation of GnRHa therapy. Compared to the normal-weight group and based on PAH, the overweight group attained MPH more quickly. Overall the BMISDS increased during GnRHa therapy but decreased after cessation of therapy until NFH. Therefore, increased BMISDS during treatment is transient phenomenon caused by GnRHa treatment. The patterns of change in BMISDSs from pretreatment to end of GnRHa therapy and from cessation of treatment to NFH were different between the 2 groups, and this might be explained by different growth velocity of the 2 groups during GnRHa treatment.
